The Soft Gamma-ray Detector (SGD), to be deployed onboard the ASTRO-H satellite, has been developed to provide the highest sensitivity observations of celestial sources in the energy band of 60-600 keV by employing a detector concept which uses a Compton camera whose field-of-view is restricted by a BGO shield to a few degree (narrow-FOV Compton camera). In this concept, the background from outside the FOV can be heavily suppressed by constraining the incident direction of the gamma ray reconstructed by the * Corresponding author Compton camera to be consistent with the narrow FOV. We, for the first time, demonstrate the validity of the concept using background data taken during the thermal vacuum test and the low-temperature environment test of the flight model of SGD on ground. We show that the measured background level is suppressed to less than 10% by combining the event rejection using the anti-coincidence trigger of the active BGO shield and by using Compton event reconstruction techniques. More than 75% of the signals from the field-of-view are retained against the background rejection, which clearly demonstrates the improvement of signal-to-noise ratio. The estimated effective area of 22.8 cm 2 meets the mission requirement even though not all of the operational parameters of the instrument have been fully optimized yet.
Compton camera to be consistent with the narrow FOV. We, for the first time, demonstrate the validity of the concept using background data taken during the thermal vacuum test and the low-temperature environment test of the flight model of SGD on ground. We show that the measured background level is suppressed to less than 10% by combining the event rejection using the anti-coincidence trigger of the active BGO shield and by using Compton event reconstruction techniques. More than 75% of the signals from the field-of-view are retained against the background rejection, which clearly demonstrates the improvement of signal-to-noise ratio. The estimated effective area of 22.8 cm 2 meets the mission requirement even though not all of the operational parameters of the instrument have been fully optimized yet.
Introduction
Compton cameras have been regarded as one of the most promising detector technologies in the MeV and sub-MeV energy band, where gamma rays interact with the detector material mainly via Compton scattering [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12] . The Imaging Compton Telescope (COMPTEL; [1, 2] ), which was flown on the CGRO satellite, was the first Compton camera in orbit and achieved the best sensitivity to date in this energy band, even though it suffered from severe in-orbit background [3] .
In order to reduce the extremely high in-orbit background, many instruments flown in the past employed an active-shielding technique; e.g. the Hard X-ray Detector (HXD) on board Suzaku [13, 14, 15] or the Phoswich Detection System (PDS) on board BeppoSAX [16, 17] . However, although background events induced by cosmic-ray and Earth albedo charged particles and activation backgrounds are negligible in low-Z material. Note that neutron and activation backgrounds are the dominant background contributions in the SGD.
We require each SGD event to interact twice in the Compton camera, once by Compton scattering in a Si sensor, and then by photo-absorption in a CdTe sensor. Once the locations and energies of the two interactions are measured, as shown in Figure 1 , the Compton kinematics can be calculated by the direction of the incident photon with the formula,
where θ is the polar angle of the Compton scattering, and E 1 and E 2 are the energy deposited in each photon interaction. The high energy resolution of the Si and CdTe devices is essential in reducing the uncertainty of θ. The angular resolution is limited to ∼8
• at 100 keV due to the Doppler broadening and ∼3
• at 600 keV due to pixel size of the semiconductor sensor. We require that the incident photon angle inferred from the Compton kinematics is consistent with the FOV, which dramatically reduces dominant background sources such as radioactivation of the detector materials and neutrons. Low background realized by the Compton kinematics is the key feature of SGD since the photon sensitivity of SGD is limited by the backgrounds, not the effective area.
As a natural consequence of the Compton approach used to decrease backgrounds, SGD is quite sensitive to X/gamma-ray polarization, thereby opening up a new window to study the geometry of the particle acceleration and emission regions, and the magnetic field in compact objects and astrophysical jets. The Compton scattering cross section depends on the azimuth Compton scattering angle with respect to the incident polarization vector as;
where φ and θ are the azimuth and polar Compton scattering angles, and E γ and E γ are incident and scattered photon energies. It shows that the φ modulation is largest at θ = 90
• , i.e. perpendicular to the incident polarization vector. are dramatically suppressed with such active shields, there still remained a significant amount of background events which are induced by e.g. Earth albedo neutrons or the gamma rays generated inside the detector itself because of in-orbit activation [18] .
The soft gamma-ray detector (SGD) [19, 20, 21, 22, 23, 24, 25, 26] , which will be on board the ASTRO-H satellite [27, 28, 29, 30] , will cover the subMeV energy range of 60-600 keV with the highest sensitivity ever achieved. Fig. 1 shows a schematic view of the SGD. The SGD is based on a detector concept, which utilizes a Compton camera consisting of multiple layers of Silicon (Si) and Cadmium Telluride (CdTe) semiconductors surrounded by active-shielding, well-shaped BGO scintillators which narrowly restrict the field-of-view to about 10
• ×10
• (narrow-FOV Si/CdTe semiconductor multi-layer Compton camera; [19, 31] ).
The concept of the well-shaped active BGO shield has its origin in HXD, which has successfully achieved the best sensitivity in the hard X-ray band by reducing the background induced by, e.g., charged particles and gamma rays originating from out of line-of-sight directions. The main detector Compton camera complementarily reduces the background from, e.g., activation gamma rays originating from the detector itself or from neutrons originating from Earth's atmosphere, by reconstructing the direction of the detected signals.
In this paper, we, for the first time, demonstrate the concept of "narrow-FOV Si/CdTe semiconductor multilayer Compton camera" using the flight model (FM) of the SGD. In Section 2, we summarize the characteristics of the SGD FM. In Section 3, we show the event reconstruction algorithm of the main detector Compton camera, and the practical methodology of the background rejection with SGD is shown in Section 4. We demonstrate the concept using the FM data in Section 5.
The SGD Flight Model
The SGD FM has been fabricated by integrating all the FM components after their individual tests. This FM is a result of the first complete integration of the main detector Compton cameras, the active-shielding BGO scintillators and the read-out and control electronics. The SGD FM is shown in Fig. 2 . 
Main Detectors
The detailed design and the performance overview of the main detector Si/CdTe semiconductor multilayer Compton camera are described in [32] .
Three identical Si/CdTe semiconductor multilayer Compton cameras constitute the main detectors of a single SGD unit. ASTRO-H will feature two such SGD units.
The Compton camera employs two types of semiconductor materials: Silicon (Si) and Cadmium Telluride (CdTe). Silicon is an ideal Compton scatterer material, since it is a low-Z element (14) , and therefore its Compton scattering cross section is large and the Doppler-broadening effect is small [33] . On the other hand, Cadmium Telluride, which is high-Z (48 and 52 for This compact configuration results in the detection efficiency (including nondiagonal components) of on-axis events about 15% and 3% for 100 keV and 511 keV gamma rays, respectively [32] .
The signals from 13312 independent pixels included in each Compton camera are read out with 208 application specific integrated circuits (ASICs) designed for the SGD, where a set of 64 pixels are read simultaneously with a single ASIC. The Si detectors and the CdTe detectors are operated with a bias voltage of 230 V and 1000 V respectively, and the typical energy resolution is less than 2 keV at 100 keV and 1.4% at 511 keV.
Active Shields
The detailed design and the signal processing methods of the BGO active shields are described in [34] . Twenty-five BGO crystals, each with a thickness of about 3 cm, surround the main detectors. Thirteen of them are placed to enclose the main detectors from the sides and bottom. Four crystals are combined together to form a collimating active shield of each single Compton camera so that in total twelve of the crystals are placed at the top of the main detectors, resulting in the main detector FOV of about 10
The scintillation light of each BGO crystal is read out with an avalanche photodiode, where the size of the light-sensitive surface of each photodiode is 10 mm×10 mm. The resulting energy threshold depends on the BGO shape as well as its supporting jigs, but the typical energy threshold is ∼150 keV, as expected from the design.
Compton Camera Event Reconstruction
In addition to rejecting background events using anti-coincidence triggers from the BGO active shield (BGO cut; in-orbit or on-ground), it is possible to further reduce the background by rejecting all Compton events whose origin is not compatible with originating from within the FOV by using the information of the gamma-ray interactions inside the Compton camera (Compton reconstruction).
Ideally, when a gamma-ray photon enters a Compton camera, it will first be scattered by a scatterer and subsequently absorbed by an absorber detec-
tor. In such a case, Compton reconstruction is a straightforward procedure because it is straightforward to calculate the first scattering angle of the gamma ray immediately using the energy deposition at the two detectors. readout are not used in the current analysis. These single-signal events represent ∼70% (lowest-energy bands) to ∼45% (highest-energy bands) of the total number of the events.
We developed a refined Compton reconstruction algorithm in order to maximize the event reconstruction efficiency. The algorithm comprises two steps. In the first step, the signals, which may include some spurious signals, are reduced to the hits all of which are the actual physical interaction between the incident gamma ray and the detector material 1 . In the second step, the order of the hits is determined.
1 In this paper, we use the term "hit" to describe each physical interaction between the incident gamma ray and the detector material, whereas the term "signal" is used to describe the data of each readout channel no matter what the origin of the data is. The probability that a signal is fake highly depends on (1) the distance from the nearest signal, (2) the energy of the signal, (3) the total energy of the event, and (4) the total signal number of the event. The probability of being fake is high if the signal is located close to another signal because the fluorescence energies of Cd or Te are relatively low (∼20-30 keV) and the ionization loss should be accompanied by the signals in the detector.
It is also high if the energy of the signal agrees with the specific energy of CdTe X-ray fluorescence. It is again high if the total energy of the event (the initial energy of the gamma ray) is high because the probability that the recoiled electron has an energy value high enough to escape the original detector is high. Moreover, because a fake signal itself increases the total number of signals of an event, it is more possible that a fake is included in a multiple-signal event than in a two-signal event in the sense of posterior probability.
The probability of a signal being fake can be estimated with Monte Carlo simulations, but in the case of the SGD, in order to judge if a signal is fake or not, we use simpler empirical criteria which represent a smaller subspace of the whole parameter space. And if a signal is judged to be a fake, it (r 2 , e 2 ) (r 1 , e 1 ) (r 0 , e 0 )
The conceptual illustration of the order determination step in the case of n = 3.
The energy of the gamma ray before and after the first hit (E 0 = e 0 +e 1 +e 2 , E 1 = e 1 +e 2 )
are determined using the 3 independent pieces of information of position r 0 , r 1 , r 2 and energy e 0 , e 1 , e 2 .
will be added back to its nearest neighboring signal. Ultimately, Monte
Carlo simulations will be performed to generate the table which associates a combination of the above mentioned parameters with the probability that a signal is fake.
Order Determination
After the signals are reduced to n hits, the most plausible order of the hits is determined out of n! possible sequences in the order determination step.
In the beginning of this step, n independent pieces of information of position r i (0 ≤ i < n) and energy e i (0 ≤ i < n) are available. The goal is to determine which are the first and the second hits as well as to determine the energy of the gamma ray before and after the first hit (E 0 = e 0 + · · · + e n−1 , E 1 = e 1 + · · · + e n−1 ). Fig. 5 illustrates the concept of this step.
This step is divided into three substeps. In the first substep, unphysical sequences are rejected. In the second substep, physically less probable sequences are rejected. In the third substep, the most plausible sequence is selected by tie-breaking. After each substep, if only one possible sequence is left, the sequence is selected as the most plausible order. Otherwise, the surviving sequences are passed to the next substep. In the case of the SGD, the events in which 2-4 hits are left after fake merging step are used because >5-hit events represent less than 1% of the total events and are negligible.
Rejecting Unphysical Sequences
If a hit is assumed to originate from Compton scattering, the energy deposition larger than that of Compton back-scattering is prohibited. For each hit which is considered as Compton scattering, the kinematic scattering angle can be calculated using the Compton scattering formula;
where θ iK is the kinematic scattering angle of the ith hit, e i is the energy deposition of the ith hit, E i+1 is the remainder of the gamma-ray energy after the ith hit, and m e c 2 is the rest energy of an electron. Combined with the Cosine inequality, this equation is equivalent to the condition;
Also, the kinematic scattering angle should be consistent with the corresponding geometrical scattering angle. The geometrical scattering angle is calculated using the position of the hits;
where θ iG is the geometrical scattering angle of the ith hit and r i is the position of the ith hit. This consistency is expressed as
If a sequence is correct, every Compton scattering candidate must satisfy both Eq. 2 and Eq. 4 within the errors which are propagated from the errors of the position due to the pixel sizes and the energy due to the detector energy resolution [35, 36, 9] . Conversely, if there is at least one Compton scattering candidate which doesn't satisfy the conditions above, the sequence is rejected immediately because it is unphysical. Note that, there are a few cases where an event is falsely identified as unphysical due to the energy measurement uncertainties, even when it is actually physical. However, since we incorporates the measurement uncertainty in our algorithm, the number of such events is very small and we thus ignore them.
Rejecting Low Probability Sequences
After the unphysical sequences are rejected, there may still be several possible sequences left. Although these sequences cannot be rejected immediately, the plausibility of the remaining sequences differ significantly.
For example, if an event comprises two hits, where one hit is at the Si detector and the other is at the CdTe detector, two possibility (i.e. SiCdTe and CdTe-Si) are considered. However, since the photoabsorption cross section of Si is considerably lower than that of CdTe, the sequence where the first hit is at the Si detector and the second hit is at the CdTe detector is far more preferable than the other sequence. This is generalized to the events with more than three hits.
In the case of the SGD, we categorize the detectors into three types based on the difference in material and geometrical placement, namely, 1. Si detectors, 2. CdTe bottom detectors and 3. CdTe side detectors. Monte Carlo simulations are performed to evaluate the probability of each sequence given a combination of the types of the signals. Each sequence whose probability is lower than a tuneable threshold value (currently 10%) is rejected as a low probability sequence. For the purpose of demonstration, we estimated the probability from the average of the probabilities separately evaluated only at a few energies, namely at 80 keV, 150 keV, 250 keV, 500 keV, 700 keV and 1000 keV, because we found that the general trend of the probability is not very sensitive to the energy.
Tie-breaking
After the low probability sequences are rejected, there may still be several possible sequences left. A tie-breaking is performed to single out the most plausible sequence.
In the case of the SGD, we adopt the ARM (angular resolution measure, ∆θ ≡ θ 0K − θ 0G ) as the FOM. The ARM is defined as the difference between the first kinematic scattering angle (θ 0K , Eq. 1) and the first geometrical scattering angle calculated assuming that the incident direction of the gamma ray is parallel to the line-of-sight direction;
where u is a unit vector of the direction of line-of-sight (see also Eq. 3). The sequence with the smallest ARM value is selected as the most likely sequence.
Note that, the judgement based on the calculated ARM is essentially equivalent to determining the incident direction to be the direction which is closest to the LOS direction, among many other possible directions (along the Compton cone, see also Section 4.2). Since celestial gamma rays are expected to come from the LOS, this determination minimizes the degradation of their acceptance. On the other hand, backgrounds are expected to be more or less uniformly distributed in the whole solid angle, and thus, this determination virtually modifies the background distribution apart from the isotropic distribution to a more lopsided distribution toward the LOS direction, which may cause the bias that some of the background, which would be rejected if we chose another FOM, are not rejected.
Treatment of Escaped Events
The last interaction of each incoming gamma ray is not necessarily caused by photoabsorption. A certain fraction of the incoming gamma rays end their interaction with Compton scattering then escape the main detector (escaped event).
If an event comprises more than two hits and the order of interactions are known, the energy of the gamma ray before the last interaction E n−1 can be calculated using the energy deposition and the geometrically calculated scattering angle of the interaction second from the last e n−2 , θ (n−2)G [37, 38, 9 ]; Currently, if all sequences are rejected during the order determination step (Section 3.2) for the event with three or more hits, we treat the event to be an escaped event. We calculate E n−1 for each possible sequence individually according to the equation above and repeat the order determination step again.
Algorithm Demonstration
We performed Compton imaging to demonstrate the reasonableness of the algorithm. angle projection (see [39] for the detailed description on the imaging method).
The black square in each image is the approximate FOV of the BGO active shield (∼10 • ×10
• ). Clearly the two images are different from each other.
Since the radioisotope is set in front of CC2, the CC2 image forms well inside the BGO FOV. On the other hand, the CC1 image forms also inside the BGO FOV, but is displaced to the expected location. Although the image is extended because of the point spread function (PSF), the peak which represents the actual position of the target is located at the correct position with the position determination accuracy better than the PSF. This implies that the intrinsic systematic error of the algorithm is small, and thus demonstrates the reasonableness of our Compton reconstruction algorithm.
Background Rejection Methodology
The SGD employs two types of background rejection techniques. One is a conventional anti-coincidence technique using BGO active shields. The other is based on the inconsistency between the incoming direction of the gamma ray and the FOV, which is specific to Compton camera technology.
BGO cut
Two veto signals are processed to judge whether a hit occurred in the BGO active shield during the Compton camera readout (see [34] for the detailed description on BGO signal processing). One is referred to as "Fast BGO" and generates a quick signal to function mainly in orbit. The other is referred to as "Hitpat" and generates a slower but more precise signal for the purpose of ground analysis.
The Fast BGO signal aims to cancel the AD (analog-to-digital) conversions of the Compton camera in order to reduce the in-orbit deadtime due to the AD conversions, and is thus designed to be generated within 5µs from the event trigger to achieve the detector read-out cancellation. A fast digital filter is employed to generate the Fast BGO trigger. The Upper Discriminator or the Super Upper Discriminator, which employ no digital filters, also act as the Fast BGO to detect high-energy cosmic-ray events. The Fast BGO signal can also be issued without immediately canceling the AD conversions.
In this case, this information will be tagged into the event data as a flag and used in the off-line analyses.
The Hitpat signal is designed to be used in off-line advanced anti-coincidence analyses. In order to achieve the lowest possible energy threshold, it employs a digital filter that is slower but more precise than that employed for the Fast BGO. The Hitpat signal is generated approximately 37µs after the event trigger, and if a Hitpat signal is issued, the information will be tagged into the event data as a flag.
ARM cut
After determining a most plausible sequence per event following the procedure in the Section 3, the event undergoes additional, Angular Resolution
Measure screening (ARM cut) and is discarded if it is unlikely to be a celestial gamma ray.
Using the energies of the gamma ray before and after the first hit (E 0 and E 1 , see also Fig. 5 ), the first scattering angle θ 0K of the gamma ray is calculated using the Compton scattering formula;
Combining the calculated scattering angle with the positions of the first and the second hits ( r 0 and r 1 , see also Fig. 5 ), the incident direction of the gamma ray r − r 0 is restricted within a conical surface (Compton cone); and the distance between the first two hits | r 0 − r 1 |, namely, the error of the ARM is smaller when the energy is higher or the distance is larger.
We performed Monte Carlo simulations, and estimated the error of the ARM as the width of the ARM distribution for each bin of the two-dimensional parameter space of E 0 and | r 0 − r 1 |. For the purpose of demonstration, we rejected the events whose ARM value is of a tuneable factor a = 1.5 larger than its error;
as background.
We note that whether the cone does or does not intersect the FOV, depends not only on the width of the cone, but also on the shape of the FOV as well as the position of the cone vertex. Ultimately, all of these dependencies will be properly taken into consideration to estimate the likelihood.
Concept Demonstration
Here we demonstrate the concept of the narrow-FOV Si/CdTe semiconductor multilayer Compton camera using the FM of a single SGD unit. The pre-flight background data are taken during the thermal vacuum test and the low-temperature environment test. During these tests, the SGD was operated at a temperature of around −20
• C. The Fast BGO AD conversion canceling is set not to be invoked. All of the BGO cut background rejection is based on the off-line Fast BGO flag and the Hitpat flag.
Background Rejection Characteristics
The left panel of Fig. 9 shows the actual ground background taken with the CC1. The black and the green spectra are the raw background spectrum and the background spectrum after the BGO cut rejection is performed.
The difference between the black and the green spectra is shown in blue on the right-hand panel. The red spectrum is the spectrum after the ARM cut background rejection is performed on the green spectrum. The difference between the green and the red spectra is shown in magenta on the right-hand panel.
The two spectra in the right panel of Fig. 9 show clear differences from each other. The nuclear gamma-ray lines with the energies of e.g. 511 keV appear only on the magenta (ARM cut) spectrum.
Gamma-ray cascades occur at the decay of both 208 Tl and 214 Bi, resulting in multiple gamma rays emitted during a single read-out. While the energy of one of these gamma rays, which is detected in the Compton camera, is around 600 keV, the energy of the other gamma ray is 1-2 MeV. The latter gamma ray will be detected by the BGO scintillator and thus these gamma-ray lines are rejected with BGO cut.
On the other hand, there are several lines which appear only on the ARM cut spectrum which means they cannot be rejected with the BGO cut. These lines may originate from either the outside or the inside the BGO shield.
These lines do not induce gamma-ray cascades and thus cannot be rejected with active-shielding technique alone.
These results clearly show the effectiveness of the Compton camera as main detector instead of the detectors which do not have the capability of restricting the incident gamma-ray direction. The total background counts are reduced by ∼70% with the BGO cut alone, and the ∼70% of the remaining background events are rejected with the ARM cut, resulting in the total background rejection efficiency of ∼91%. Fig. 10 shows the correlations between the ARM ∆θ, which indicates the incoming direction of the gamma ray, and the calculated total energy, created using the rejected events and the events remaining unrejected. Their projection to the y-axis are the spectra shown in Fig. 9 , and the left-hand, the central and the right-hand panels correspond to the blue (BGO cut), the magenta (ARM cut) and the red spectra in Fig. 9 , respectively.
The decreasing widths of the ARM cut with respect to the energy in the central and right-hand panels represent the fact that the error of the ARM is smaller at higher energies (see also Section 4.2). Since the ARM cut depends also on the distance between the first two hits, which is projected on the two-dimensional space of the ARM and the energy, the edges of the ARM cut are not sharp. 
Signal Acceptance
Here we demonstrate that the background rejection only eliminates a small portion of the good events originating from within the FOV. We irradiated the SGD FM with a 137 Cs radioisotope which is set in front of CC2 with a distance from the topmost Si pixel detector of 2 m. The experimental The 137 Cs spectra taken with the CC2 (color online). The black spectrum is the raw spectrum. The green spectrum is the same spectrum after the BGO cut. The red spectrum is after both the BGO cut and the ARM cut are applied.
setup is illustrated in Fig. 6 . Fig. 11 shows the 137 Cs spectra taken with the CC2. The black spectrum is the raw spectrum. The green and the red spectra are after the BGO cut and after both the BGO cut and the ARM cut are applied, respectively.
After both background rejections are applied, the spectral continuum (0-580 keV), which results in the non-diagonal component of the response, is clearly suppressed to ∼17%. On the other hand, the spectral line (630-690 keV), which represents the full energy deposition of the gamma rays from the target, is suppressed only by ∼24%. Fig. 12 shows the correlation between the ARM and the calculated total energy (see also Fig. 10 ). Some of the 662 keV events are rejected via BGO Figure 12 : The correlation between the ARM ∆θ and the calculated total energy (color online). The left-hand panel consists of the events rejected with BGO anti-coincidence (the difference between the black and the green spectra in Fig. 11 ). The central panel consists of the events rejected with ARM cut (the difference between the green and the red spectra in Fig. 11 ). The right-hand panel consists of the events which remain unrejected (the red spectrum in the left-hand panel of Fig. 11 ).
cut. This may be caused by coincidental simultaneous events of the gamma rays from the radioisotope and the pre-flight background gamma rays. Some of the 662 keV events are also rejected with ARM cut, but it is inevitable because the Compton reconstruction algorithm is probabilistic.
∼76% of the spectral line survives the coincidental BGO cut and the probabilistic ARM cut failure. Comparing it with the background rejection efficiency (see also Section 5.1) of ∼91% clearly demonstrates the improvement of the signal-to-noise ratio.
Effective Area and the Prospects for In-orbit Performance
We estimated the effective area at 122.1 keV using a 57 Co radioisotope.
We irradiated the SGD FM with 57 Co radioisotope which is set in front of CC1 with a distance from the topmost Si pixel detector of 2 m.
The data from the pixels which are in front of the 57 Co radioisotope of all 32 layers of Si detectors are stacked and used for the effective area estimation.
The total count of the pixel with the energy below 127 keV was assumed to originate from the interaction of the 122.1 keV gamma ray from 57 Co radioisotope. Further assuming the approximate flatness and uniformity of the gamma rays entering the pixel, the effective area at 122.1 keV is estimated as 3.8 cm 2 per Compton camera.
The estimated total (6 Compton cameras) effective area at 122.1 keV is 22.8 cm 2 . Although this is a very rough estimate, it indicates that the combination of the SGD FM and the current event reconstruction parameters meets the mission requirement on the effective area of >20 cm 2 at 100 keV.
Conclusions
We, for the first time, demonstrate the concept of a "Narrow-FOV Si/CdTe Semiconductor Multilayer Compton Camera" using the data taken with the SGD FM, which is the result of the first complete integration between the FOV-limiting BGO active shields and the main detector Si/CdTe multilayer Compton cameras. The pre-flight background level is suppressed to less than 10% by the combination of the BGO cut and the ARM cut which work complementarily, while the suppression is only to ∼30% with the BGO cut alone. We also demonstrate that 76% of the signals coming from the FOV are remain not-rejected against the background rejection, which means a clear improvement of the signal-to-noise ratio.
The total effective area is estimated at 22.8 cm 2 , which meets the mission requirement, even though the parameters on the event reconstruction are not finalized. All the parameters will be optimized, and a more accurate in-orbit performance will be investigated with the refined Monte Carlo simulator which takes the actual instrumental properties into consideration and is under development.
